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INTRODUCTION

BACKGROUND

1- The Airworthiness and Flight Characteristics (A&FC) test of
the production Uli-60A, was conpleted in September 1981 by the US
Army Aviation Engineering Flight Activity (US.AFFA)- Testing
during the A&FC ranged from primary mission gross weight of
16,260 pounds (lb) to the maxinun alternate gross weight of
20,250 lb- Since the compietion of the A&FC, a mission ha3 devel-
oped requiring additional testing up to 22,000 lb and at a center
of gravity (cg) outside the current envelope limits. Sikorsky
Aircraft (SA) Division of United Technologies conducted srruc-
tural, dynamics, flying qualities and height-velocity testing at
th.e expanded gross weight and cg conditions. To evaluate the
e efcts of the SA proposed envelope, additional handling qualities
and performance testing was required. In October 1981, USAAEFA
was tasked by the US Ar--y Aviation Research and Develop=enr
Comand (ref 1, app A) to plan, conduct, and report on the handl-
ing qualities and performance of the UHl-60A in the proposed
configurations- Due to the priorities of other UH-60A programs,
this evaluation was not Degun until June 1983-

i TEST OBJECTIVES

2- The objectives of this evaluation were as follows:

a. To obtain sufficient performance data in the proposed
"p expanded cg and gross weight envelope for inclusion in the

operator's manual.

b. To obtain sufficient harndling qualities data for inclusion
in the operator's manual.

c- To determine co-pliance with the applicable paragraphs of
the Price Item Development Specification (PiDS) (ref 2, app A).

DESCRIPTION

.3- The test helicopter, IM-60A US Army S/I 77-22716 is a first
-• year production Black Hau: and is a twin engine, single -am

rGtor helicopter with nonretractable wheel-type landing gear
capable of transportiDg cargo, i1 combat troops, ai.d weapons

during day, night, visual meterological conditions, and instru-
cent meterological conditions (i!%C). Primary mission gross weight
is 16,260 lb and the present maxivun alternate gross weight is
2C,250 lb. The proposed naxcinu grass weight is increased to
22,000 lb and the cg exz':nded aft as shown in figure 1,

N,.-4 -- . -
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appendix B. The UH-60A is powered by two General Electric

_ T700--700 rurboshaft engineus each having an ins la! iad power
"avaIlable (30 mlinute limit) of 1553 slhaft horsepower (SiUP) (power

turbine speed of 20,900 revolutions per minute (rpm)) at sea
level, standard-day static conditions. Installed dual-engine
power is transmission limited to 2828 SliP. The T700-GE-700
6ngine incorporates a history recorder, automatic turbine gas
temperature limiter, power turbine speed limiter, gas generator
speed limiter, automatic torque-matching capability, and v-trious
diagnostic systems. The aircraft also has an automatic flight
cozltrol system (ArCS) and a coaand instrument system. The test
aircraft incorporated prototype airspeed and stabilator =odifica-
tions developed duiing USAAEFA Project No. 82-09 (ref 3, app A)
to improve the U11-60A airspeed system- A more detailed description
of the WH-60A is included in appendix B and additional descrip-

tions can be found in the operator's manual (ref 4).

TEST SCOPE

-0 4. All flight testing was conducted at Edwards Air Force Base,
N: California (2302 feet). A total of 38 flights were conducted

between 9 June and 22 November 1983 for a tot-al of 60.0 flight
hours of which 38.5 were productive. US4AEFA calibrated and
maintained all the test instrumentation and perforzed all required
maintenance on the helicopter. Flight restrictions and operating

limitations observed during the evaluation are contained in the
operator's manual (ref 4, app A) and the aizworthiness release

RL (ref 5). Testing was conducted in accordance with the test plan
(ref 6) at the conditions shown in table 1-

TEST_ %THODOLOGY

S_ A detailed listing of rne test tastrumev.ati.-n is contained

-in appendix C_ Established .light test techniques and data
reduction procedures were used (refs 7 and 8, app A) and are
described in appendix D_ Level flight performance results fro=
-USAEFA Project No- 83-24 (ref 9) were used to augment te.st dat.-i
.A Handli-g Qualities Rating -cale (liQRS) (fig. 1. app D) was

usei to augc-ent pilot co=enas re!et' z t• aircraft handling
qualities. The flight test data were obtained from test instru-
=enratior. iisplayed on the instru=--nt panel and recorded kv
onbozrd uagnetic tape recording equipment- Real .-..me teleoetry
monitoring -f se:lerted data parameters was used during certain
tests-

~4b
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Table 1. Test Conditions1

Average I
Longitudinal Average

Average Center of Density
Gross Weight Gravity Altittde, Tri= Airspeed

_ _Type , _ (Zb) __(FS) (ft) (knots)

e -14,470 to 21,690 367.1 6610 to 13,840 51 to 1603
, Ai.-el Flight 18,790 to 21,620 360.1 9130 to 13,8•0 1 52 to 1563
?erforac 16,500 366.7 f 6790 to 13,210 50 to 1643

21,500 f 347.1 4400 to 9600 75, 90, 117, 14L3

Control fositions 15.920 and 21.660 347-2 8920 an~d 11.500 35 :o 134 4

in Tri=-ed 21,260 360.1 9j60 45 to 110,
Corward Fligo t 1 6,480 3n29 110,260 64 to 1394

Static Longitudinal 21,7)0 360-5 6000 77 and
Stability 16,660 365.1 6500 so and 1444

_ _ _ _ _ _ _1 _ _ _I_ __ _ _

Static Lateral- 21,700 360.3 I 6000 80 and 1214
IDlrectional Stability 16,800 365.7 6500 80 and 1414

SI I
t I I '

Man•euvering 21,100 360-4 6600 I 77 and 1074•
! Stabizlity t 16,650 i s365- 6900 ,i 77 an 1414

Dyn-an-ic Stability 16,600 363-8 2100 and 6300 0, 80, 1,224
7 and Controllability 21,600 360-3 6000 77 and 11

Low Speed Flight 15,900 363.6 2100 0 to 35

i S:ste= Fallures 16,250 365.5 6700 75 and 142 '

1.6,200 347.1 13,660 45 to 1-2-S
16,560 365-1 13,220 44 to 140

Vibrations 21,3M0 34.1 4;o6620 6 to l2o4
21,330 36-0.2 9380 5 to !,9

NOTES:

iTests conducted in the normal utility configuration, approxi=ate =id lateral center of gravity,
autoatlc flight caotrol systen OS, a"d 100 percent ain rotor speed- The pitch bias actuator
-as locked and centered for handling qualities conducted at h .eay Weight-

2Tests conducted at a referred rotor speed of 258 rp=.
.mots tr--e airspeed.

-Knots calibrated airspeed.
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RESULTS AND DISCUSSION

GENERAL

6. Tests were conducted on the IIN-60A helicopter to evaluate

performance and handling qualities at the limits of the expanded
"gross weight and cg envelope. Equivalent flat plate area (Fe) was
minimum with the cg at a fuselage station (FS) of approximately
360 and increased at FS 347 and 366. One deficiency, three
shortcomings, and three PIDS noncompliances were identified. One
shortcoming, neutral stick-fixed static longitudinal stability
in intermediate rated power (IRP) climb, was associated w-th
envelope expansion. Except for the shortco,-ming pertaining to
neutral static longitudinal stability, the handling qualities
were essentially unchanged from those previously report,-. The
4-per-rotor-revolution (4/rev) vibration characteristics, pre-
viously identified as a shortcoming, generally were unaffected
by increasing gross weight but were aggravated by moving the
longitudinal cg further aft.

LEVEL FLIGHT PERFO:MAMCE

7. Level flight performance tests were conducted at the condi-
tions in trle I to dete:-min'e power required for airspeeds,
altitudes and gross veights at the ;italts of the expanded cg
envelope. The data were obtained in ball-centered fl:ght and
corrected fer estimated drag of external test instrumentation

4 and instrumentation electrical load.

"S8. Nondizensional test results are presented in figures 1
through 3, appendix E. The curves on these figures ;ere obtained
by converting the nondi=ensiona! test results of thp si.th year
prodccticn aircraft presented in USAAEFA Report Ko. 83-24 (ref 9,
app A) to tt.p first year production arrzfrat utiiized dari.g
tb•"; evaluition. Change in Fe (iF.) of five square feet (ft-)
was s:•htracted. This value of --F Was previWus!v determ-ined to
be valid at the referred rotor speed (N-/2"1) use- in tOtese
tests. This difference is su-n-arized a-:

ist yr nrod A/C = 6th year prod .AIC - ESSS frings (2.5 fr2)
.- ,•-I' & AX!_aLQ-i14(V'- brackets (i.5 .t2)

- external drag di-'ferences (I ft2)

S0ice.ional level flight test results are presented in F go r 4
through 15, appendix E. Test data at an average cg of FS *'60.1
i.dicate a decrease in p-wer required when co=pared to rte non
dimensional family of curves at an average cg of FS 34!.1. Thiq

difference in power required equates to a SFe of 2 f L ana
st,!stn•tiates the test results presented in USAAFFA Report

WI



No. 77-17 (ref 10, app A) for a similar change in cg. The decrease
in LFe of 2 ft? allows reduction in power required of 55 SHP
and still maintain cruise speed at 145 knots true a'rspeed (KTAS)
(fig. 10, app E). Test data at an average cg of FS 366.7 indicate
no change in power required when compared to the nondimensional
curves at a FS of 347.1. Therefore, Fe was minimal at a FS of
approximately 360 and increased at FS 347.1 and 366.7. Inherent
sideslip (figs. 16 and 17) represents the resultant angle of
sideslip associated with ball-centered level flight and was
developed using level flight performance data presented in this
report (figs. 18 and 19) and in USAAEFA Repcrt No. 83-24. The
inherent sideslip family of curves was used as the basis for
correction in determining ball-centered flight as described in
appendix D.

9. Tests were conducted during this evaluation and during USAAEFA
Project No. 83-24 to ascertain the relationship of AFe with
sideslip. The data are presented in figure 20, appendix E. Drag
changes from zero sideslip are independent of airspeed but vary
with C-. The data indicate that mininum Fe occurs between 4.5
and 7 degrees left sideslip depending on CT. Coordinated level
flight, however, results in a maximum left sideslip of approxi-
mately I degree.

HANDLING QUALITIES

Control Positions in Trimed Forward Flight

10. Control positions in trimaed bali-centered forward flight
were obtained in conjunction with level flight performance testing
at the conditions in table 1. Selected results are presented in
figures 21 and 22, appendix E.

11. The variation af longitudinal control position with airspeed
during trimmed level flight generally required increasing forward
cyclic control with increasing airspeed. At airspeeds below
60 knots calibrated airspeed (KCAS) the variation was neutral to
slightiy negative (aft cyclic required with increasing airspeed),
but not objectionable. Maximum longitudinal trim variation was
nearly Lwo inches over the entire airspeed range. At both heavy
and light gross weight, maxinm• changes in longitudinal control
position (1-1/2 inches), lateral control position (1/2 inch), and
pitch at .tude (0 degrees) were minimal for a large cg shift (13
to 18 inches). Control positions (except collective) were oostly
unaffected by changes in gross weighr. Directional and lateral
control positiona uere essentially unaffected by changes in cg
and gross weight. The gradient of directional control position

- 5
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with airspeed was moderately steep from 40 to 80 KCAS (approxi-
mately 0.035 inches/knot). Above 80 KCAS the gradient was
shallow and maximum directional trim variation was less than
1/4 inch. Adequate control margins existed in all control axes
in trimmed forward flight. Trim pitch attitude remained nearly
constant from 40 to 80 KCAS and then decreased linearly approxi-
mately 0.05 degree/knot above 80 KCAS. Pitch attitule changes
with airspeed were unnoticeable to the pilot. The control posi-
tions in forward flight are satisfactory.

12. During the control position and level flight performance
evaluations, the yaw trim would randomly drive the right pedal
forward significantly increasing the pilot workload to maintain
tri.-ed flight. This problem is not unique to this aircraft
(USA S/N 77-22716) but was noted on other LH-60A aircraft includ-
ing a sixth year production version (USA S/N 82-23748). During
IMC this uncomaanded directional control input in trimmed flight
will require frequent, large (approximately 1/2 inch) pedal
inputs making precise heading control (+__3 degrees) unattrinable
(HQRS 7) and is a deficiency which was previously reported (Pre-
liminary Airworthiness Evaluation iii, April 1979 (ref 11, app A),
A&FC September 1981 (ref 10); and External Stores Support System
A&FC, December 1983 (ref 12)).

Static Longitudinal Stability

13. Static longitudinal stabiii:y was evaluated at the conditions
shown in table 1. The helicopter was utabilized in ball-centered
flight at the desired trim airspeed and flight condition. With
the collective control held fixed and rotor speed maintained
constant, the helicopter was stabilized at incremental airspeeds
about trim. Test results are presented in figures 23 through 26,

4 appendix E.

Level and Descending Plight:

14. Static longitudinal stick-fixed stability, as indicated by
the variation of longitudinal cyclic control position with
airspeed, was positive (aft longiudinal control displace-e•t at
airspeeds slower than trim) except at 144 KC-AS in level flight at
light weight/aft cS. The gradient of control displaceaect versus
airspeed was steepest near the trim point and generally became
shallow or neutral at airspeeds greater than 10 knots fro= trim.
Qualitatively, the pilot had adequate control force cues of
airspeed changes about trim. The maximum variation of lateral
cyclic and directional pedal control position from trim was
approximately 3/4 inch, but wzs not objectionable to the pilot.
Pitch attitude remained essertially constant except in level

_" 6l
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flight at light weight/aft cg ýtrim airspeed 144 KCAS) where the
pitch attitude decreased with Increasing airspeed. The pilot
was able t- maintain airspeed within +2 knots with minimal
effort (fiQkS 2). The static longitudinal stability at 144 KCAS
in level flight at light weight/aft cg failed to meet che require-
cent of paragraph 10.3.3.1.3 of the PIDS. However, the static
longitudinal stability in level flight and 1000 foot per minute
(fpm) descents within 10 knots of trim is satisfactory.

Intermediate Rated Power Climb:

15. Static longitudtnal stability was neutral in IRP climbs at
81 K.CS at light weight/aft cg with the pitch bias actuator (PBA)
operational (fig. 25). However, at heavy gross weight (21,480 ib)
with the PBA centered and locked, the static longitudinal stick-
fixed stability was positive (fig. 26). Force cues were minimal
at both loadings. Due to collective bias, stabilator progra=ming
was noticeably different between the two gross weights in that
at heavy weight/aft cg the stabilatar progra=ed about 10 deg
more trailing edge (TE) down than a. light eeight/aft cg as
airspeed was decreased below trim. Airspeed was easier to main-
tain at heavy weight (HQRS 3) than ac light weight- At light
weight (16,600 lb), airspeed was moderately difficult tc maintain
(+5 knots) in that continuous longitudinal cyclic control inputs
(+1/4 inch every 5 seconds) were required (HQRS 4). The lack of
force and position cues with variation in airspeed about trim
will increase pilot workloaj in i)C. The neutral stick-fixed
static longitudinal stability at light weightiaft cg in IRP climb
is a shortcoming. The aircraft failed the positive stability
requirements of para 10.3.3.1.3 of the PIDS in that at light
weight/aft cg the longitudinal static stability in the iM? climb
condition was neutral.

STATIC LATERAL-DiRECIONAL STABILITY

16- Static lateral-direcLional stability characteristics were
evaluated at the conditions and configurations indicated in
table I- Tests were conducted by trming the aircraft in ba.l-
centered flight at the desired conditions. With the collectiv-
fixed, the aircraft was then stabilized at incremental sideslip
angles up to limit sideslip -;n both sides of trim while maintaining
a steady heading at the trim airspeed. Test results are presented
in figures 27 through 30, appendix E.

17. Static directional stability, as indicated by the variation
of directional control position with sideslip, was positive
(increasing left directional control with increasing right

7



sideslip) at all test conditions and configuratiors. 1te
directional control variation with sideslip was essentially
i inear; however, tLhe average directional control pradlent was
shallower during descents than during climbs (0.05 versus
0.07 inches/degree). The directional stability characteristics
of the b-H-60A met the requirer-ents of the PIDS (para 10.3.4.1.7)
and are satisfactory.

18. Dihedral effect, as indicated by the variation of lateral
control position with sideslip was positive (increasing right
cyclic control with increasing right sideslip) and essentially
linear for all test conditions and configuration-. The gradient
of lateral cyclic control position versus sideslip was steeper
at high speeds (121 and 141 KCAS) than at the other conditions,
but was not objectionable. There were no discontinuties in
force or position cues and good out-of-trin cues were present.
The dihedral effect of the b-H-60A net the requirements of the
PIDS (para 10.3.4.1.7) and is satisfactory.

19. Sideforce characteristics, as indicated by the variation in
bank angle with sidelip, were weak but positive (increasing right

* bank angle with- increasing right sideslip) for all low speed (76
to 83 KCAS) conditions and configurations tested. Because of
the control position and force cues, the reduced sideforce cues
"did not significantly increase the pilot workload- As airspeed was
increased to 121 and 141 KcAS, the sideforce cues increased- The
sideforce cues, though weak at low airspeeds, were satisfactory
and ceet the requirements of paragraph 10.3.4.1.7 of the PIDS-

20- A pitch-due-to-sideslip coupling was evident in all conditions
and configurations- in all conditions, except high speed
(141 KCAS), the longitudinal cyclic position versus sideslip
trend was essentially the sane (increasing forward longitudinal
cyclic control with increasing right sideslip). in high speed
flight. this trend reversed itself (increasing aft longitudinal
cyclic control with increased right sideslip), but was not noted
by the pilots during flight. The pitch-due-tv-sideslip coupling
was not objectionable.

21. The Ub1-60A exhibited inherent sideslip angles of approxinately
5 degrees r:ght during ball-centered IRP climbs and approxicately
5 degrees left during ball-centered 1000 fpz descents. In level
flight at all airspeeds above 90 KTAS, the inherent sideslip
angle varied from 1 degree left to 2 degrees right sideslip
depending upon CT.

N
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Maneuvering Stability

22. Haneuvering stability was evaluated for twc airc-raft cc.f ig-
urations, lightweight/aft cg and heavyweight/Aft cg at th
conditions presented in table I. The maneuvering, ;-ab.li:j
tests were accozplished by initially stabili~i;.g O-e helico-tef
in ball-centered level flight at the tri-g airs-jee: ; ;.A -- v-
incre entally increasing the load factor by irer.:siug the hank
angles in left and right turns- Constant co] le-:i ve cr.3'.z3ý
position was naintained in the marneuvers and r--e piltc atz.pee
to maintain a constant airspeed. Test resullts ?re prtse.:tz -' .
figures 31 and 32, appendix E.

23. The stick-fixed =aneuvering stab'Ali~y, a. indicated --y the
variation of longitudinal control p;siti.n witt -,oc-val cccA7--:a-
tion (g), in the lightweight configuration wan positiv- (i--cte s--
ing aft cyclic control with increasing g) U:: to 1.6 g a" r KCAS
and essentially neutral for all g levels at 1I 4 C1 (nUpr te
_=axi== airspeed in level flight). Between 1.6 an_4 1 -' gs al.
77 KC-S the stick-fixed maneuvering staility vas nC.±.-ai (na
change in longitudinal control positien ViLn Inzrc.sing gj.
During left turns at both trim airspeeda, there -s - Uri•e-r
requirrement for more left cyclic conttCtl as the g ieveis -:-ere
increased. In rignt turns the lateral !ontrol - ic. wa. essen-
tially constant up to 1.6 g's. At g le%!els above 1-6 i.r boti-
airspeeds in right turns, the xectuirenent for i :grt cyC.zxc
controi increased dramatically (approximmt.:ly 2-5 -:nchcs/g) aid
"as a result pilot induced oscillations inctcase: sigtifi•antly-

24. The hea7-yweight- configuration at 77 KCA3 e:.U.bitc.5 io-.git:.i±n-
al control characteristics similar to tie itghtwe=g'.: cotfi3ur-
ation except that the stick-fixed naneuveriug stE.ilizy becam-e
negative (increasing forward longit.adinai cyclic cc-trol .i.l.
4.increasing g) at 1.4 -'s- At 107 KCAS (approx;-ate never-ece.=-ed
airspeed minus 10 knots), the stick-fixed znareuverieg str3iitiy
was essentially neutral during left turns and slightly p.,siti-e
during right turns up to the naxin g level rested (1.7g'. TZ.
left rurns at both tri" airspeeds, the ,-tera- cicl:c cant:-l
characteristics were unchanged froa those seen in ti . iightweight
configuration. During right turns the lateral cycliz c'ntrol
reversal occurred at approximately !.- g's a t a the so..roi Zra,!-

ent at 107 KCAS increased to 5 inches/g.

25. The zime histories presented in figcres 33 throuý.' 35,
appendix E are representative of the =aneuver.;=g stabiliry tests
.erfo-"ed during this evaluation. At bank anglas less '•d. n
40 degrees (fig- 33), the pilcz was able :c sa---:zain .rrecs _re
airspeeds (+1 knot) and bank angles (+I degree) witrt -- i-

9
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pilot cozqea%atlen j'HQ;ý 3). Žý- ook iragles wzere increased above
40 I-rrees. pi'ut wor~icad 'acrtred sirnifaic.-nty. Airspeed could
on3ov he mtin-ained 5ih' knors, *Ink an341t- withias 4 degxrees,
nvo P~tcý± i;.d withir.~ .'jrc at- hath t:1rm ifs14-lcds tl.srl-2y
ce.'zistxtuJ. c-f the r~nr-uve1 sag :--abilityrv sts (Fiaes. 3,4 aned 35).
The :o.y.itud1Qax v' coanrol ru- :e nev.!r be;-a._se a push farce,

.,,-ver, the red!;ctio.- 4-f the pull Fnrc2 wasq -zelvabie and-
:b'.- 7eCuCii COntro-l f-.rcc zazs a.r-gmded the wi-4('.s flying
quaxit-'ee. nan~t-tvering rrabi!iLy characre*4sEic_: r -tic.-d facrors
ajrpve 1.4 -.ill ,-co~e signi-Fican -ffi~h 'Ut adven-Co helicap-

re i-:o-air miss5roms ami various evasivz naane--ers. :Ff~ective-

0.sso r* URi-604 :o v4erfoi-u t~cse =-iss~ons vil. _ Iot~i
to L - dcegraded -'--nrrh s~iy arac.*_ri -'c ahcve
1._g'~.?e e~ra siabi-Irity of rhe UH-60A fa:.Led to =eet
te re~uireme-ar- of -.2ragrap;! !6.3_:~.4 P'c 0.36.. of 'he

or srick-f r~e =aaetnering szaeiliry in stead; tirnA'g Flien~t-

26. S6t'§r~r a.& inng-tertz dy-ta=--k s;za,-Uir-x wd cnaluate~d at.
One~ coad-a-rions iisted' In tzilce .. T'he rhor-_term res-,-oase %.as

3k~zla~die a2H cont:.-, xx~ by makfajý sige- 1~ I h pu~s'?
..az;:rs vrrc- were held for a-prat'7iz-ly 0.5 zerond, '.:O k
releases fr-o:- sr~adv haei:.- sid-sifps during sta:!c lateral-
Girectii'.oal texts. T-hc ~ogu~a l Itg-tert: esrsoase wa--

qua'£ta :.ey Vair.arad iJrrm .3the-r t'.sts a-:-& in~.-oig.~
coanitvas raning r- caiss to mo~Ieate tuzriateioe ;ts defince4

the FNCI~ Tior~zrx -0,n -c- (r'f 13, app A).

7. s.1ort-term .7esr3i-,ise of t- airc-af* with %:CS M. was
tteL-ily ufdam-d, O- in.~ L-Vz'ures 36 throny-Ii 33, :.PDodix I.-
Siaizl- axis "'..ba~c ý.! axes isere dazPed to o:-e-haif
a~pIitud-~ wlathi, -me cycli-. Y-LI: p1 !z.. ums -.ble .o correc* :For
att!:i:.nde K'iszt'jrban-es ;n flI ight ane in ho~er 'withl m1315it
c("atki-i iapx-ts T'i-FRS 2T). The q-d.o~r-r-em- re&.e-xase w'x.-. AFCS (Z'

--. the rosi.-r-u-s ot' tne P'Dfl5 and 's~

2_*!~ o-sg-rerim r-svoase w.r-- AFC51 WN eas not exzire:! bv no.-mma
Miozia panlefers ar turbL.".n.a flight coorcos.:e :-

-iýrie?.a~ (+2 deg;. ;%adiaz (-ý2 d.:) :=z aeirspee4
-' '.2 ;,.?1 C -;=g- thanis off- fiib'ht for extEoded ofidsa
--- .' I'iw =inure) in' light to mcodrrate rnrrhulearr. OIthe-r than

acma z-aasienz Itaitude f1lut-j.tions, attritude and airspeed in
uls ~itbruoczir-ed mi-.Ira *si no pi-lot cnatra! inpus4.

(1iS2). The zoag-rer-n resp.n-s-e -zitr. AF~CS (IN~ =Iet Oth re--ureroent
C-r thoe :':D yR- is s~~a~-y

.14 ?~~2-. 1aearsrti~I~scii~:or- r~-q-vscý were 1':
.2uio -~~a~ trcK3 sr'-ed. esl&rLs ;~s ii.t.' ini

sZZ&-hedi.V3 -i

wrlA Jre
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figure 39, appendix E. Flight in Uigh" to moderate turbulence also
e.-:Nibited a damped lateral-directional response whiO; I-,-qu!red
-I:n pilot co-pe-sation. TI7 LD-eral-directronal gust response
with AFZS ON aet the rCo, irenenr of the -FIDS and is- :atsfa:or;.

M3. Advarse/prov:rse yaw was ihperceptible to the pilot duii.xg
rapid cyclic, only turns. No directional pedal inpuL was required
to ba•k the helicoptcr into a turn. The adverse/proverse ywrJ
chara:teristics met the reouirenents of the PIMl (paras 10.3.4.1.8
ane 10.3.4.1.9) and are stisf3ctory.

Coat rollability

31. Controllability testf, ur, conducted in bover and forward
flight a. light and heavy gross weights at an aft cg at the
com.iitio-is li•rtd i-a table 1. Conzrollability was measured a: a
fui cticn of aircraft attitude &,spiacement in a given tice
(control power), angu:ar rare (centrol respoase), and aagular
acceleration (control sensitivity) about ea h aircraft a:xis

-l~o.-in= a control input (step) of a measured size. Following
the ';npsit, an atteapt was sade to hold controls fixed anti! a
.ax;=un rate was established or until recovery was necessary.
MTe magnitude of the Inputs was varied by using an adjustahle
rigid control fixture.

32. Lcugitudin21 ccntrellability characteristics are presented i',
figures 401 through 42, appendix E and in table 2. Represeatati.-e
ti-me histories of s-ep inputs are presentee in figures 43 through
45. The asagnitude of contro. power a-d control response did not
change aupreciably with cha2ge iti airspeed, gross ueighc, or
direrz:iea of input. Control sensitivity increased with increased
Sai -speed, especially above approximately EO KCAS. At heavy weight
in forward flight, the Stebility Augpentation Systez (SAS) becaran
satur•-ed zIrer inpu-s• of greater than one inch in eizier direc-
tico resu[ting in an increase In pitch rate during the =a.euver
(figs. 46 and 45). However, -h. inc-2•ased 2itch rate vas no.
;4tri eab.e :r objectioaabie to the pilot untess the Input was
i: e1 f.r several seco-ids. IWLc effect was not observed at V-ght
gross wi-Aght. Control coi-pli&'.g vas imperceptible in the iangi:u-
dinai axis. 4:ick and precise attit,:de adjusteents requlrel in
high speed io-w level flight we-. easily accowplished by the pilot.
,.. .e loagitudiaal conrxotiabliity mt the linearity requirements
or paragraph 10.3.3.4.1 of the PIW5, and is satisfactory.

33. Lateral controll.bi_;ty characteristics are .resented In
figures 66 through 4S, appendix E and in table 3. Representative
zi- • histories are presented in figures 49 and 50. Control power

.. rI! . *."a
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and 4-ontrol response generated from left innmts were Independent
of changes in airspzed and gross weigit. Right inputs resulted
.in equal or lowr gnirudes of control oo-wer, response, aid
sensitivity when compared to left inputs except a! lightweight
(16,600 1b) and high airspeed (141 MAUS). There was no perceptible
yaw or pitch coupling with lateral inputs. Time histories of
lateral step inputs cepict roll rate tweaking in less than
112 second and then decreasing in nagnirude about 50 percent
a~proximately 2 seconds after achireviig maxi-_ua roll rate
(figs. 49 and- 501). This decrease in roll rate was not objection-
able to the pilot. Precise bank angles (+-2 deg) could be quickly
co~pmdee during- all phiases of =aneuvering rfijight with no tenden-
cies Ea overcontrol (HO0RS 3). Noted as a shortcoming in USAAEFA
Report No. 77-17 (re. 10, app A), lateral controllability charac-
iteristizs met the rec-uirements o4: Darzgraphs 10.3.4.2.5 and
10.3.4~.2_` of t~he ?IDS and- were considered satisfactory during
this e~valuation.

A ~34. Directional controllability is presented in figures 51 through
253, appeendix E and in table 4. Representative tire hi stories of
directionzi step inputs are presented in. figures 54 a~id 55c.
Cont~ol po;--er decreased slightly with increased airspeed. The
variatin- in t.-e zagnitude of control' response was simi lar to
that-, of control power except that, at a hove-r maxi~um yaw rate was
not achieved before recovery. Qantroi sensitivity varized wt
directio~n o! input at a hover but was indevendent of direction,
airspec*d, and -gross weight in forward flight. M~ost al1. directiona;
controllability was affectpd by an unintentionall lateral control
Inmut -varying f An / to 32- iA c whi 112 second *f the

__directional input. Thi.zs chuaracteristic has be-en docim-ented in
thr-ee Black H~-),.s (prototype, first and sixth year production) -and
atte-_Pts to ne-gate this in-put were un:succeSSful. In hover anti
to-.rwrd flight at approxiaareiy. ME; KCAS at heavy and light gross
weightcs, the u.-manteti lateral inrput was to the right for all 1
directional inputs. At the hihrairspreeds, the lateral' -iinput
was in the opposite direction- to that of the directional input
(figs. 5-1 and 55). This varriatiet. in di-rect-ion. of lateral input.
can he d~etected in the dirccrional cont-rol iability result-- as a
difference in the -aaganitude of contr;ol paiwer and control response.
Laiteral inputs in the sa-. di:-ectio1n as directional inputrs tended
to generate Areatzer control effectiveness. Thi.zs difference wasq
neE noticeable- to the pillot. During_ priecision, h~ovefing and low
sc-eed tasks, the pi lot wa-s able to obtain. arnd =intain yaw

.ttiude ft-3 degrees% wth 2.1 inimai piloz coapensation (IIQRs
I-). The dirnectional controllability characteristics =et the
require-ents of paragraphs 1-f-.3.4.I.4 and 110.3.4.2.55 of the PiTUS
and- are --azisfactorv.
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Low Speed Flight Characteristics

35. The low speed flight characteristics of the UH-60A were
evaluated at the conditions in table I to determine control
margins and handling qualities. Testing was performed at speeds
up to approximately 35 KTAS in rearward and right sideward flight
utilizing a ground pace vehicle as a speed reference. The heli-
copter was flown in-ground effect at a wheel height of approxi-
m-ately 25 feet. The low speed flight test data are presented in
figures 56 and 57, appendix E.

36. The variation of lateral cyclic control position during right
sideward flight was conventional (increasing right lateral cyclic
control with increasing right sideward airspeed). As the right
sideward flight speed was increased, more forward longitudinal
cyclic control was required. There was a total change of
1.5 inches of lengitudin-l cyclic control over the speed range
te:.ted. Adequate nargins re~ained for all flight cnntrols.
Flight control trends were nearly linear and only mininal pilot
conpensation was required to maintain heading within +1 degree.
The lou speed flight characteristics in right sidewrd flight
reg-ined essentially unchanged fron previous evaluations and are

- -satisfactorv.

37. During rearward flight, the IM-60A exhibited a slightly
positive control position gradient (increa-sing aft longitudinal
cyclic control with increasing rearward airspeed). This shallow
gradient, which resulted in linited flight control position and
force cues, did nor adversely effect the pilot's ability to
control the helicopter because of adequate outside vgsual cues.
As rearward airspeed increased, lateral cyclic controlchanges of
nearly 2 inches were required. Adequate control marg-ins reained
Jn all flight controls, hcwever, density altitude was cly
2180 feet. The low speed flight characteristics in rearward

flight remained essentially unchanged fron- previous evaluations
and are satisfactory.

Aircraft System Failure

38. Aircraft systen failures were investigated at the conditions
in table 1. Si,-ulaCed failures of the No. 1 engine and si•tLated
hardovers of the No. I and No. 2 SAS, Flight Path Stabilization
(FPS), PBA, and stabilator systcts were coneducted.

Sirmlated Engine Failures:

39. Sudden single engine failure fron dual engine flight was
sinsalated by rapgd!v rltardi.ng zhe No. I engine power control
lever tn the idle stop. The aircraft response was evaluated

-II



during level flight at lightweight/aft cg (approximately
16,300 lb/365.6 inches) at airspeeds of 75 and 143 KCAS. Flight
controls were held fixed following the power ioss f or approxi-
mately 2 seconds or until excessive aircraft angular rates were
reached. Representative time histories of simulated single
engine failures are presented in figures 58 and 59, appendix E.

40. Aircraft response to a sudden single-engine failure from
tab lized dual-engine level flight was mild. At 143 KCAS

(fig. 58, app E) the primary reaction of the aircraft was a
4 degree left yaw, a 5 degree left roll, and a very slight nose-
down pitch. The primary cockpit indications of a single-engine
failure were reduction of power turbine speed into the red zone,
reduction of torque, and rotor droop below 95 percent rpm activat-
ing the aural warning system. At this airspeed, pilot cues were
adequate for timely zorrective action. No unusual or rapid
control application was necessary except an 8 percent reduction
in collective was required after rotor speed decayed below the
warning limit value of 95 percent. The aircraft reaction at
75 KCIAS (fig. 59) was a slight perturbation in pitch, roll, yaw,
and rotor speed with no collective reduction required. At lower
airspeed/pover settings, the response cues were very mild and the
engine out aural warning systen (activated at 55 percent engine
gas generator speed) would be the major cue of engine failure.
The single-engine failure characteristics from dual-engine
flight are satisfactory.

Automatic Flight Control System Failures:

44!. Single axis SAS hardo-ers in all axes and nose-up PEA hard-
overs were conducted in forward flight at 75 and 145 knots indica-
ted airspeed (KIAS) on the ship airspeed system at light weight/
aft cg. No. 1 and No. 2 SAS hardovers in all three axes resuited
in mild attitude changes which were easily compensated for by
the pilot. Hardcver failure in the longitudinal axis resulted
in a maximum- pitch attitude change of 15 degrees nose-up in
approxinately 5 seconds at 145 KIAS. In the roll axis, SAS
hardovers resulted in na=imun roli rates of approximately 5
degrees/second generating stabilized bank angles of *0 to 15
degrees. Directional hardovers caused heading changes of 2 degrees
(at 75 KIAS) to 4 degrees (at 145 KIAS). No perceivable differ-
ences in handling characteristics were noted between failures
of the No. I aid No. 2 SAS systems. Nose-up failure of the PM
resulted in illumination of the PITCH BIAS FAIL caution zight in
conjunction with a very mild pitch attitude change of approxi=ate-
ly 5 degrees. The single axis hardover characteristics of the
SAS and PEA systems met the requirements of the PIDS and are
satisfactory.

17
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42i. The F1PS system: failures were eiralduted at 75 and 1.45 -KIALS in-
levjel flight by switch~ig oqff the FPS switch on tI-AFCS Painel.
In addiction,, the FPS* sysrio was evaluated in co. Ju.ction with
other nandijang qualities -tests. The disiEigagei~et of the FPS
swiitch ii~esiitted in 'alumination- of the X.AStr-R CAUTI07N, FLT PATH

ST -,ad TRIM FAIL caution lights in addition to A os of attitude

and airspec-d hold func~tionsý. No unusual attituide chbalge gr rate
bpi-ldup occurred subsequien 't to TITS failure And set thL- requirenent
of the PIDS. Hloevek, during controllability tests it was noted
that foeiard longitu~d nal inputs greater than 112 inch consistent-
ly caused failure of the FPS ,syste= which required resetting tr~e

MASTER, CAUTION, FPS, and 7TRIM switches. This characteristic
would caus§e failure of -the- FPS system durinig nap-of-the-eartis

andmanuveingflihtand 1s an annoying distraction which U111

increase crew worskload. The consistent TfailUke of the FPS during
forward loagitudinaf inputs greater than 1.12 inch is a short-
conink. the above- shortcomingt appeAris similar to the shortco-2in.'g
preViously reported In IiSAAEA -Report No. 7T-17 (ref if), app A.).

43ý. Stablilator tE up (TRIP) hardover failures were tested in-
leVel flight at 75 and 145 KIAS. The failure was conducted
tbrough the hardover box installed in the AECS system =nd resulted'
in the stabija1tor =nving nearly 5 degrees 7EUP within 2 seconds.
following the hardover-, an attempt was made to hod condfols
fixed. A representative tise history is presented in figure 60.
appendix E. At 145 KIAS, stabilator iEUP hardover failitres-
res-ulted in a 2oderate nose-up Oitch of approximately 10 degrees
from trim with a maxi~rn nose-up pitch rate of about 3 degrees/
second. Ten seconds after the failure was Initiated, Airspeed
decayed 2vproxi~ate1'v 12 knots and the aircraft gained 20~0 ft in
altitude. At 70 RKIAS, the aircraft reaction was slightly more
hild. The relati~vely imild rea-ctions of the aircraft wirldin the
airspeed range tested to a TEIM? stCAlilatmr hardover would be
easily recognized by the pi lot and require m~inimal. cot:pensat~ian
to maintain d'!ýsired 3irspeed and altitude (HqPRS 3). The scabilator
FEUP hardover characreristics are satisfactory.

VIBRATIFOf-E AIACTIE!:ISTICS

-S44. Vibration characteristics were qualitatively e-valoated

:hrougbout the test progran and quant..' eyealae a h
-~condicicn* listed in table 1, Vibration acceleroneters %mre

inýstallcd at the aircraft cg, the pilot's seat, and the pilot's
floor (ann C). Ma3in rotor harmonics of ilre-v, i1re'v ;and 8/rc-v
ate presented in figures 61l tinrougb 72, appendix E.

45. The lirev vibratory accelerations were sinitar zt all --he
startions and all' axes. Neither chanpe in gross ureight nor cp.
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loatioa' changed the amplitu~de of :he 1/revA vibratory acceleraý-
tions ýsiknificantlyý. Thie t.ighest I/rfev vibratory Accelerations
(.02 co .03" g's). were geieraiiy obsertved, in the vert iceli And
Lateral axes., eh I rev ViifrAti'n chairact~eristics met the PID
requirements arid Are. satisfactory.,

46.i the -4/revy lateralt vibrator' ac:eieratiosmaue at the

-l.ot seat _we're'highest (approxd-imateIy- 0.2 to-0. g) at Airspeeds,
iess -than e-O KCAS Us the aft Cg coafigsiratioas. The lateraL

* 4!rev vibratoryr acc-eleratioas uiessured At the pilot-s- floorT
inckea led- in ai 7lIJtude (approx-imately 0. 15 to, 0.30 jr' . as ýdid the
pilot seat at similar rtest conditionsý. The !ai&Tev vibrAtiri,-

chaactu~st ;s ppeared indepen~dent of cbag ngrss wei ght.

Both- the p-lot's seat and, f oot laterdl ývibration chariacterist ics,
failed to meet, the re!quirkeaents of' paragraph 3.2.1.1.3.1.4~ Of
the P16S in that tbhe amplitudes we4re greaýt-er thiar 0.15_ g. General-r
ly. cthe 4/rej vibraioiry' -adcc-iratiio-n-s ýmea's'ured at the floor near
the aircraft -cg- -uere loiter than those measuredj- -at the -other two
Iozations. -The highett amplitudes (Approximately 0.5 to 0.0 -g)
Were Uý;uaiIiv at airspeeds near 45.X:CAS in.fit:%e vertical knd -o~!
tudinall aries. The vertical and longitudinal cg -vibration chArac--
teristics failed 'to meet the ýrequirements of paragraph. 3211
&.i.4 g4. the- PIDS -in that the amplitudes were greater than
0.15 Y.'s at 45 kCAS. The 41rev vibration characteristics. Wrt
aggraivared by afts ivement of the cg. The excessive 4/rev vibra---
tions remain a shortcomig tia6 should- have ý hlvgh -prior'ity for
cort tion and bae been documented ip several previous U SAIA!FA
reports.

4?. The 8/revr Vibratcry 4cceleraý_ionr. were generally independent
of zha:iges ila gross weight and cg. The -pilot seat 8lrev vibratory
character Istics v~ere -increased i.& Azmplitude_ when compared to tte
otbuer ts~b fiour locations, especially in the lateral axis.
A2plirudes up to 0.34 g, the specification limit, were measured
Sia the lateral axis at 45 KCAS. The /irev vizbration characteri-
stici& met the PIJDý requirements anid are satisfactory.

AIRSPEED CALIBRATION

48. Tire standard ship airspeed system inctorporated z.Ianges
dev~tiloped during ITSAAEFA Project N~o. 82ý-09 (ref 3, app A-) and is
similar to the current produ~tion nystem. Caibnrations generated
during U.SAAEFA Project No. 82-09 were verified through use of a
catibrated T-28 pace aircraft and a calibrated trailing bomb, and
subsequently used as m bazis in this evaluation. A normalized
curve of t'ne fotivard arid Aft cg calibrations depicting --hip
airspeed system position. error in level flight was generaied and
is presented i figare 73, appendix E.
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40'. Based on this evaluation, the, following conicltusions were'
re!ached aiiboutthýe .expanided-gross§ weight and ceiter of gravi ty (d D'
ehvelope oýf 'the UH-40A1 In the normal utility configuratidon.

a. Equivalent flat plate area was minimum 'with. the cg a's
'fuselage s-ation FSi) of approximately 360 --id- increased a
imore- foriward and- aft cg tes ,ted, (FS -347.1 and I.7)

b. Generally, 4ý-per-rotokr-revolution (4/reýv) vibration
characteristics were unaffected by increasing gro)ss weight but
were aggravated by mpoving the longitudin6al cg Aft.

t. One deficiency, three shortcomings anid three Specification
noncoapiiA-ncek were- notedi, of which, one shoirtcoming WAS associ-
ated sith.,envelope e'xpa'nsiCon-, and one previous~ly noted Shortcoming
was m-akde worse du e- to envelope expan s ion

.Exept 'for the s ortomng pertaining to neutral stick-7

l-fixd- loagitud inal stabilityr in interrediate rated power (IRP)
the. -fthe hadliing -qualities were essentially unchanged frogs

those previously reported.

DEFICIENCY

50. 'Th-a undoaa-m-eeA directional, control input in trimmed forward
f light is a defficiency, unrelated to -the expanded gre-- weight
and c~g envelope,.that was idientified during a previous evaluation
ýdd still exiUsts (para 12).

SHOR w'.s

51. The foilowing shortcoain1gs w4ete identified and are listed in
decreasing order of importance.

a. The excessive 4/rev vibrations during certain flight
conditions (para 46ý.* f

b. The neutral stick-fixed static longitudinal stability in
a light gross weight and aft cg ccnfiguration at IRP in climb
(nara 15). f

*Reported during previous evaluation
ffAzsoci~ned with envelope expansion

20
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q T;ahe cofl li. ft igh -pat~h stabilziation,
ýsystea. duti 1o, R-7pt4ifuiaa iip'uts greitei thAhn 1/2 inch

SPECIFICATIONNONCONPLIANCE

-ý,; The W.fl-60A, heiotrfie o ttefloig Irequire-
ment!s .qf the PIDS.!

i. PAragrAph 3i2.1..14 -Te lrv vibato evels-
duila-g certi flight conditions exceeded the reqtuirez:z-nts o6f this
paragraph (ar 46)."

b. -Pairagr7apih 1000..1.3 -Thelo.-gitudinal, -static stability.
'is nieutral ginead -of, positive At '144, KXCS 'in level. flight And

inIRP dii-mbs at: light: gross weight adatc prs~ n 5.

c.- Paragfaph- `10.3.3.1-.4k -- The naneuvering s~tability 'is mot
pos itivem stick-fi-ked or stick-f-ree at all- baink angies§ during
stiady turning flight (parai 25).*

*Reported during previous evaluation
#Associated with envelope expansion

-a -- - -



5.the deficienecy, and shortcoudings rkeported I n paragraphsi 50 and
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APPENDIX B. AIRCRAFT DESCRIPTION

GENERAL

S1. The Sikorsky Lrri-60A (Black Hawk) is a twin turbine engine,
"single =ain rotor helicopter capable of transporting 1 combat
troops plus a crew of three. It is equipped with 3 nonretract-
able conventional wheel-ty-pe landing gear. A movable horizontal
stabilator is loczted on the lower portion of the tail rotor

" •pylon. The main and tail rotors are both four-bladed with a
capambility of manual main rotor blade and tail pylon folding.
The cross-bean tail rotor with composite blades is attached to
the right side of che pylon and is canted 20 degrees upward froa
the horizontal- A complete description of the aircraft is
contained ln the operator's manual (ref 4, app A) and the aircraft
general information =anual (ref 14). The proposed expansion of
the gross weight and center of gravity envelope is shown in
figure I.

ENGIN7ES

2. The primary power plants for the U-.16GA helicopter are Ceneral
Electric T700-G-E-700 front drive turboshaft engines, each rated at
"1553 shaft horsepowcr (SHP) (30 minute liMit) at a power turbine
speed of 20,900 revolutions per minute (rpn) (sea level, siandard
day installed). The engines are =ounted in nacelles on either
side of the main transmission. Each engine has four nodules:
"cold section, hot section, power turbine section, and accessory
section- Design features include an axial-centrifugal flow con-
pressor, a through-flow combustor, a two-stage uncooled high pres-

-• sure gas generator turbine, a two-stage uncooled power turbine,
-ad self contained lubrication and electrical syste=s. Pertinent

engine data are shown belch.

Model T700-G..-700
Type Turboshaft
Rated power 1553 SHP installed a2 sea level,

standard-day static conditio.z
at 20,900 rpc

Coupressor Five axial stages, 1 centrifugal
,L stage

""Combusion chanber Single annular chamber with axial
flow"�Gas generator stages 2

Pouer turbine stages 2
Direction of engine
rotat icn (aft looking fwd) Clockwise

Weight (dry) 415 pounds max
Length 47 in.

-• .'axi-i dianeter 25 in.
Fuel .IL-T-5624 grade JP-4 or JP-5

e2
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BA SIC AIRCFI%.F'£ INFORMTION

3 - General data of the UH-60A helicopter are as follows:

Gross Weight

M.axim-. alternate gross welght* 20.250 Pounds

E-pty weight Approximately 10,620 pounds

"Primary M•ission gross weight 16,260 pounds

Fuel capacity (measured) 360 gallons

,See figure I for current and proposed gross weight and center

of gravity information

Main Rotor

SNumber of blades 4

Diazeter 53 fc, 8 in.

B- lade cnord 1.73/1.75 ft

Blade twist -18 deg (equivaler-•

Blade tip sweep 20 deg aft

Blade area (one blade) 46.7 sq ft

Airfoil
section (root to tip designation) SC1095/SC1095R8
thickness (percent chord) 9.5 Percent

M!ain rotor mast tilt (forward) 3 deg

Tail Rotor

"Number of blades 4

Dia=eter 11 ft

Blade chord 0.81 ft

Blade twist (equivalent linear) -18 deg
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Blade area (one blade) 4.46 sq ft

Airfoil
section (root to tip designation) SC!O95/SC!095RS
thickness (percent chord) 9.5 percent

Cant angle 20 deg

U Gear Ratios

Main Transmission Invut RP. Output 2,M Rai o (Teeth)

Input bevel 20,900.0 5747.5 3.6364 (80/22)
Main bevel 5747.5 1206.3 :.7647 (81/17)
Planetary 1206.3 257.9 4.6774 (228 + 62)

62
Tail takeoff 1206.3 4115.5 0.2931 (34/116)

Accessory bevel
(generator) 5747.5 11,805.7 0.4868 (37/76)

Accessory spur
(hydraulics) 11,805.7 7186.1 1.6429 (92156)

Intermediate
Gearbox 4115.5 3318.9 1.2400 (31/25)

Tail Gearbox 3318.9 1189.8 2.7895 (53/19)

Overall

Engine to main 20,900.0 257.9 81.0419
rotor

Engine to tail 20,900.0 1189.8 17.5658
rotor

Tail rotor to 1189.8 257.9 4.6136
•ain rotor

AIRSPEED/STABILATOR MODIFICATIONS

4. The airspeed/stabilator system on the test aircraft included
five modifications fro= the original production aircraft in an
attempt to eliminate pitch oscillations during takeoff, improve
climb handling qualities, and reduce large position error during
various airspeed regirses. Three changes were incorporated in the
pitot-static pressure syste-S and two changes ure electrical
circuit modifications to the stabilatcr amplifiers in the stabil-

* ator system. Major features of this system are described in
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detail in the Preliminary Airorthluness Evaluation of 1II--60A with
an Improved Airspeed System, USAAEFA- Report No. 82-09, (ref 3,
app A).
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APPENDIX t. INSTRUMENTATION

GENERA.L

I. The test instrumenetation, was installed, calibrated and main-

Eained by the US Army Aviation Engineering Flight Activity person-
.el. A test airspeed boom with swiveling pitot-static head

ce--n-ected to an airspeed indicator and altimeter were installed
at the nose of the aircraft. Eauipaent required only for specific

tests was itastalled when needed and is discussed in the section

ca special equiptsent. Data was obtained fro= calibrated instrumen-
tation and d&splayed or recorded as indicated below.

Pilot Position

Airspeed (boom system)
Altitude (boom system)
Altitude (radar-dual range)*
Rate of climb*
Rotor speed (sensitive)
Engice torque* 1-*

Turbine gas te.perature (T 4 . 5 )*
Enigi:ne g.s generator speed *

Control positions
Ld'ngitudinal

Lateral
Pedal

Collective
Stabilator position
Angle of sideslip
Center of gravity norml acceleration
Sensitive bank angle (center of gravity lateral acceleration)
Event switch

Copilot/Engineer Station

Airspeed (ship's syste-)
Altitude (ship's system)
Rotor speed*
E:ngine tcrque* **

Total air te-perature
Fuel used (totalizer!
Ballast cart posit ion

*Ship's system/not calibrated**Both engines
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Tie code display
Run number
Event switch

Digital (PC4) Data Parameters

Airspeed (ship's system)
Airspeed (boom system)
Altitude (boom system)
Altitude (ship's system)
Altitude (radar)
Total air temperature

Rotor speed
Engine torque**
Turbine gas temperatures (T 4 .5)*
Engine gas generator speed**
Engine power turbine speed**

Engine fuei flow*
Engine fuel used*
Engine fuel temperature (at fuel used transducer)**
Auxiliary Power Unit (APU) fuel used
APU fuel temperature (at fuel used transducer)
Main rotor shaft torque (3)
Main rotor shaft bending (2)
Tail rotor shaft torque
Tail rotor impress pitch

Stabilator position
Ballast cart position

Control positions
Longitudinal
Lateral
Pedal
Collective

Power available spindle position"*
Stability auguentation system output position

Longitudinal
Lateral
Directional

Control mixer input position
Longitudinal
Lateral
Directional

Angle of attack
Angle of sideslip

**Both engines
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Aircraft attitude
Pitch
Roll
Yaw

Lircraft angdlar rate
Fitch
Roll
Yaw

Linear acceleration
Cente- of gravity normal
Center of gravity lateral
Center c-f gravity longitudinal

Ti-e_ vf day
Run number
Data status words
Pilot event
Engineer event

Analog (FM) Data Parazeters

Vibration
Pilot seat vertical
Pilot sear lateral
Pilot seat longitudinal
Center of gravity vertical
Center cf gravity lateral
Center of gravity longitudinal

Milot floor vertical
Pilot floor lateral

Loads
Main rotor longitudinal star load

2. Provision was =ade for telesetry transaission of para=eters.

AIRSPEED CALIBRATION

3. The standard ship airspeed system and test boom airspeed
systen were calibrated previously during USAAEFA Project 'o. 82-
09 (ref 3, app A) in level flight, climb, and autorotation. A
check of these calibrations was performed utilizing a calibrated
T-28 pace aircraft and a calibrated trailing boob (finned pitot-
static system). The resultant curves depicting position error of
the boom airspeed system are presented in figures I and 2.
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SPECIAL EQUIPENT

Control Fixtures

4. Cyclic and pedal mechanical fixtures were utilized at the
copilot station to obtain a desired control input size about the
longitudinal, lateral, and directional axes at the pilot station.

Ground Pace Vehicle

5. A vehicle utilizing a calibrated fifth wheel to determine
accurate ground speed was used in conjunction with wind speed and
direction to provide a precise airspeed reference for the test
aircraft during low speed tests.

Weather Station

6. A portable weather station, consisting of an ane=ometer,
sensitive temperature gage, and barometer, was used to record
wind speed, wind direction, ambient temperature, and pressure
altitude during low speed tests.
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APPENDIX D. TEST TECHNIQUES AND DATA ANALYSIS METHODS

GE-NERAL

I- Performance data were obtained uslng the basic methods
described in Army Materiel Co=aand Pamphlet AMCP 706-204 (rer 7,

app A). Performance testing wec -e-_d--•ted in coordinated (ball-
centered) flight. Handling qualities data were evaluated using
standard test methods described in Naval Air Test Canter Flight
Test Manual F114 No. 101 (ref 8).

AIRlCRAFT RIGGING

2. A flight controls engineering rigging check was performed on

the main and tail rotors to insure conpzlance with established
limits and rivresentative handling qualltie- anforantion. The

stabilator control system was adjusted to -aaform as close as
possible to the modified production scheduie to prevent improper
drag characteristics affecting level flight pcrfor=ance.

AIRCRAFT WEIGHT AND BALANCE

3. The aircraft was weighed in the instrunented configurction
with full oil and all fuel drained prior to the start of the
program. The initial weight of the aircraft was 11,989 pounds
with the longitudinal center of gravity (cg) located at FS 351-9
with the cg of the empty ballast cart located at FS 391. In
addition, the aircraft was weighed when configured- for a tost

condition outside the then existing flight e-zvelope. The f-jel
cells and an external sight gage were also calibrated. The
measured fuel capacity using the gravity fueling net;od was
360 gallons- The fuel weight for each test flight ;as determined
prior to engine start and after engine shutdown by using the
emternal sight gage to determine the volu=e and =easuring theI specific gravity of the fuel. The calibrated cockpit fuel
totalizer indicator was used during the test and at the end 3f
each test was compared with the sight gage readings- Aircraft cg
was controlled by a =oveable ballast syste- which was Manually
positioned to maintain a constant cg while fuel a-s burned- The
moveable ballast syste= was a cart (2000-pound capacity) attached
to the cabin floor by rails and driven by an electric screw jack
with a total longitudinal travel of 72.3 inches.

PERY0M%-WVCE.

4. Helicopter performance was generalized through tlhe use of non-
dimensional coefficients as follows using the 1968 !Z Standard
Ar=osphere:

r-Izir ~~ ! j~ ~, ~ ~ f' ~ -~- 'w.~ - -'%~.' $ 4'



a. Coefficient of ?o&'er tCp):

SF? (550)
CP = (1)

"b. Coefficient of Thlrust (CT):

CT = (2)

c. Advance Ratio (W):

VT (i.6878)
Sp = _(3)

_•here:

SHP = Engine cctput shaft horsepower (both)

p = Ambient air density (Tb-sez 2 /fti)

A = Main rotor disc area = 2262 ft2

2 = Hain rotor angular velocity (radians/sec)

R = Main rotor radius = 26.833 ft

GW = Gross weight (lb)

VT = True airspeeu" (kr) =

1 .687S4/pop

1.6878 = Convzrsion factor (ft/sec-kt-)

PO = 0.0023769 (lb-sec-If / )

%VE = Equivalent airspeed (ft/sec)

770.7262 Pa) !Qc /Vt [oLk , \I ]
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70.7262 = Conversion factor (lb/ft 2 -in.-Hg)

"-c = DynaSic pressure (in.-Hg)

Pa = Ambient air pressure (in.-Hg)

100% rotor speed = 257.9 revolutions per ninute (rpn)

S= 724.69

(C)2 = 525,168.15

(-•)3 = 380,581,411.2

5. The engine output shaft torque was determined by use of the
engine torque sensor. The power turbine shaft contains a torque
sensor tube that mechanically displays the total twist of the
shaft. A concentric reference shaft is secured by a pin at the
front end of the power turbine drive shaft and is free to rotate
relative to the power turbine drive shaft at the rear end. The
relative rotation is due to transmitted torque, and the resulting
phase angle between the reference teeth on the two shafts is
picked up by the torque sensor. The torque sensor on both engines
-as calibrated in a test cell by the engine manufacturer. The out-
put from the engine sensor was recorded on the on-board data
recording syste2. The output SHP was deterained from the engine's
output shaft torque and rotational speed by the following
equation.

SHP = (4)

5252.113

Wh-ere:

Q = Engine output shaft torque (fr_-lb)

U = Engine output shaft rotational speed (rpjn)

5252.113 = Conversion factor (ft-lb-rev/nin-SHP)

The output SHP required was assumed to include 13 horsepower for
daylight operations of the aircraft electrical system, but ums
corrected for the effects of test instruzentation installation. A
power loss of 1.82 horsepower was deternined for electrical
operation of the instr-un-entation. Reductions i,. power required
"were made for the effect of external instruzentation drag- This
was deternined by the following equation.
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Fe /
SHPiastr drag e__________ (5)

96254

W'here:

Fe = 0.833 ft2 (esti=ated)

96254 = Conversion factor (ft 2 -kt3/SHP)

6. Each speed power was flow•a in ball-centered flight by refer-
ence to a sensitive lateral accelerorzeter at a predetermined C-
and referred rotor speed (XiR/vr6. To maintain the ratio of
gross weight to pressure ratio constant, altitude was increased
as fuel was consumed. To maintain N.i/e constant, rotor speed
was decreased as teaperature decreased. Power corrections for
rate-of-cliub and acceleration were determined (when applicable)
by the following equations.

SePRIC = - (6)

33.000(Kp)

ii
) (VT) (/) (7)

( At

W-here:

t•PCAT + 27'.i5,~

R I G .= T a pe fi ae ra te o f c li --b (ft/ mia ) = (4T M 3 15

flip
C hange in pressure altitude per unit tine (ft/lin)

OATIs Standard nabient te=perature at pressure altitude

S *AHp

where was seasutred (*C)

At
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Kp - 0.76

1.6098 x 10-4 = Conversion factor (SHP-sec/kt 2 -lb)

AV

= Change in airspeed per unit tine (kt/sec)

A power correction to insure ball-centered test data complied with
the inherent sideslip family of curves depicting the UH-60A in
figures 16 and 17, appendix E, was deternined fron•Fe as
a function of sideslip angle (fig. 20) and equation 5 rewritten
as follows.

SHPs/s = ("Fe in sIs - M'e B-C) (P/Po) (VT3) (8)

96254

Where:

&e*in sis = Change in equivalent flat plate area based on
lJR-60A inherent sideslip.

Ae*B-C = Change in equivalent flat plate area based on
the sideslip angle measured in ball-centered
flight.

*Based on change in engine shaft horsepower.

Power required for level flight at the test day conditions ua=
deterained using the follow-ing equation.

SHPt S iP + -PR/C + SHPACCL +SPs/s Sh'Pi-•str drag - 1.82 (9)

7. Test day level flight data was corrected to average test day
conditions by the follow-ing equations.

S-HIPC = SHPt s (10)
S (at 6t) LNR
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VT =VT (1)E
S ~ t NR

* kWhere:

NR Main rotor speed (rpm)

subscript t = Test day

subscript s = Average test day

Test data corrected for rate of climb, acceleration, instrumenta-
tion installation, and corrected to inherent sideslip, standard
altitude, and a=bient temperature are presented in figures 4
through 15, appendix E.

8. Level flight performance was determined by subtracting the
difference in power required at NR/A = 258 rpm noted in
USAAEFA Report No. 83-24 (ref 9, app A) between the first and
sixth year production aircraft in their respective nor-mal util-

ity configurations. Values of Cp of the sixth year trii-60A
were extracted from the family of curves of Cp versus

XR/11- for lines of constant C-1 at increments of 1: (ref 9)
at trie average Cr and NR/Iroconditi-ins of the flights conducted
during this evaluation. Power re:,uired in level flight was
obtained as follows.

Cp = Cp. - aCp (12)
oto yr AiC

W'here:

_c __ (13)

2A

= 5 ft 2 (change in equivalent flat plate areaS°-~e-
between the first and sixth year nor--al utility
configured U--60A helicopters; ESSS fairings
(2.5 ft 2 ), H-130 anc- AN/ALQ-144(V) brackets
(1.5 ft 2 ), external drag differences (0 ft 2 ))
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Results of the sixth year production UH-60A carpet plot converted
to a first year at the average NpI/efor these tests and
extrapolated to a CO of 0.011007 are presented in figures 1
through 3, appendix E. Correlation of these curves with data
flown during this evaluation is depicted in figures 4 through 9.

9. Changes in the MFe due to change in aircraft cg were
calculated from equation 13 solved for LFe. The ACp is
the difference in Cp as derived fro= the nondinensional plots at
the normal utility forward cg configuration and the Cp for the cg
desired-

UM•\DLING QUALITIES

10. Conventional test techniques were used during the conduct of
the handling qualities tests. AUl tests were conducted in ball-
centered flight. A brief description of all test techniques are
presented in respective paragraphs of the Results and Discussion
section and detailed descriptions are contained in reference 8,
appendix A. The basis for evaluation was the Handling Qualitites
Rating Scale shown in figure I.

VIBR.ATION

11. Spectral plots of each vibration para-eter were generated
depicting frequencies versus single anplitude acceleration (g).
The data were analyzed using a frequency range of zero to 50 Hz
and frequency resolution of 0.5 Hz. In order to minimize rand-=
variation in acceleration z-plitude, the data were averaged over

a 20-second tire interval. An analysis of the main rotor fundaý-
zental freuency and it's second, fourth, and eighth harmonics
was made. The second harmonic vibratory accelerations were
insignificant in co=parison to the fourth and eighth hlar.onics
and, therefore, not presented.

DEFINITI103

12. Results were categorized as deficiencies or shortco--ings in
accordance with the following definitions.

Deficiency: A defect or malfunction discovered during the
life cycle of an ite of equipment that constitutes a safety
hazard to personnel; will result in serious damage to the equip-
=ent if operation is continued; or indicates inproper design or

other cause of failure of an item or part, which seriously impairs
the equip--ent's operational capability.
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Shortcoming: An imperfection or malfunction occurring during
the life cycle of equipment, which oust be reported and which
should be corrected to increase efficiency and to render the
equip-ent conpletelv serviceable. It will not cause an imediate
breakdown, jeopardize safe operation, or materially reduce the
usability of the materiel or end product.
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APPENDIX E. TEST DATA

INDEK

Figure Figure No.

Level Flight Performance 1 through 15
Inherent Sideslip 16 through 19
Change in Equivalent Flat Plate Area with

Sideslip 20
Control Position in Trimmed Forward Flight 21 and 22
Collective-fixed Static Longitudinal Stability 23 through 26
Static Lateral-Directional Stability 27 through 30
Maneuvering Stability 31 through 35
Dynamic Stability 36 through 39
Controllability 40 through 55
Low Speed Flight Characteristics 56 and 57
-Aircraft Systems Failures 58 through 60
Vibration Characteristics 61 through 72
Normalized Ship System Airspeed Calibration 73
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FIGLRE 73
SHIPS SYSTEM AIRSPEED CALIBRATION IN LEVEL FLIGHT
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